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Can clean drinking water and sanitation reduce child mortality in Senegal? 
 
Catherine Bampoky 
 
 
1  Introduction 
Child mortality is an indicator commonly used when assessing child health and the 
overall level of development in a country. It is a public health priority for the West African 
nation of Senegal. In 2011, infant mortality rate for Senegal was 64.8 deaths per 1,000 children 
under the age of five (WBI, 2011). Although lower than the average rate of 108.6 deaths per 
1,000 children for Sub-Saharan Africa, it is almost nine times higher than the North American 
average of 7.34 deaths per 1,000 children (WBI, 2011). Water and sanitation are also priority 
intervention areas for the Senegalese government. The Millennium Water and Sanitation 
Program (PEPAM) targeted specific objectives in the past for rural and urban areas to be reached 
by 2015.1 According to UNICEF, poor hygiene, lack of access to safe drinking water, and 
sanitation causing cholera and diarrheal diseases are responsible for the death of 1.5 billion 
children each year (UNICEF, 2007). In Senegal, child mortality related to unimproved water and 
sanitation is estimated at 15.13 % in rural areas only (African Development Bank Group, 2008). 
Water and sanitation, as a result, have been described as “the most effective public health 
intervention the international community has at its disposal” to reduce child mortality (Lancet 
editorial, 2007). Because of the great potential to improve child health through targeted 
interventions in the environment in a context where countries have limited resources to invest in 
                                                          
1
 In rural area, the goal is to increase access to water supply in dwellings from 64% to 82% and sanitation from 17% 
to 59% by 2015. In urban area the government wants to improve sanitation coverage from 56.7% to 78% and water 
supply coverage from 66.4 to 84% by 2015. 
http://www.pepam.gouv.sn/index.php (accessed March 12, 2012). 
  
better water and sanitation infrastructures, it is important to provide an evidence-based estimate 
on the benefits of these two factors. 
This paper will attempt to measure the effect of water and sanitation on child mortality in 
Senegal. A specific focus will be given to three policy variables, which are hand washing with 
soap, drinking water source, and sanitation facilities. The hypothesis is that having good hygiene 
practices, access to better source of drinking water, and improved sanitation systems reduce child 
mortality rates. The result of this study will have different implications depending on which 
variable has the highest impact on health. The benefit of improved sanitation and running water 
are well established and go beyond children’s health. For example, water connections in 
households were found to improve well-being and social cohesion is communities where water is 
a source of conflict. (Devoto, Duflo, Dupas, Parienté, and Pons, 2012). Nevertheless, investment 
and running cost associated with new water connections or sanitation systems can be high. 
Consequently, any policy recommendation should be supported by strong evidence as to the 
health impact of water and sanitation. 
2  Literature Review 
The effect of water and sanitation is studied in many developing nations across the globe, 
yet research in this area does not lead to robust conclusions as to which variable is associated 
with the most health benefits and under which circumstances. In Egypt, having access to 
municipal water has been associated with a decrease in neonatal and infant mortality. However, 
this study also found that the impact of modern sanitation was considerably larger, decreasing 
child mortality risk by 68% (Abou-Ali, 2003). Trussell and Hammerslough (1983) found that 
improved latrines decreased child mortality in Sri Lanka, but that the source of water supply was 
  
insignificant. In Malaysia, Ridder and Tunali (1999) did not find any impact of access to piped 
water and toilet facilities on child mortality.  
Fink, Günther and Hill (2011) conducted one of the most comprehensive analyses on 
child health, water, and sanitation. They merged all the DHS datasets available for seventy 
countries over the period 1986 to 2007. Even though the estimated effect of improved water and 
sanitation is smaller than estimations done by other studies, they still found a positive impact in 
the reduction of mortality, as well as a lower risk of diarrhea, and stunting. However, the authors 
also find that the positive results of clean water are more subtle and affect only children between 
1 and 12 months.  
 Fuentes, Pfuetze, and Seck (2006) highlight the importance of having a large data spread 
to be able to measure the impact of a change in the variables of interest. They give the example 
of a study done in the Brazilian state of Ceará that did not find any relationship between 
sanitation facilities and mortality rate. One possible explanation for these results might be that 
the data did not present enough dispersion. Indeed, the majority of sanitation facilities in Ceará 
were all outdated at the time of data collection. A comparison between urban and rural areas also 
provides some interesting insight. Across countries, access to safe water generally had a more 
important impact on child health in rural areas, while access to improved sanitation increased 
child survival in urban areas (Fuentes, Pfuetze, Seck, 2006).  
Finally, the age of the child seems to be an important variable when studying the impact 
of water and sanitation on child health. A study conducted for urban Eritrea using 1995 DHS 
data finds that when other socio-economic factors are accounted for, the effect of household 
environment disappears during the neonatal period (first 28 days of life), and is substantial 
during the post neonatal period (between 28 days to 11 months of life) (Woldemicael, 2000). The 
  
lack of evidence of a relationship between neonatal death with water and sanitation was 
confirmed by Fuentes, Pfuetze, & Seck (2006) in a study conducted for five countries. Indeed, 
neonatal death is determined by the mother’s health and overall child care. On the other hand, 
diseases occurring at a later age are more influenced by conditions in the household and physical 
environment in the community (Fuentes, Pfuetze, Seck, 2006). 
3  Description of the data 
The data set used for this study comes from the Senegal Demographic and Health 
Surveys (DHS) for 2005. The DHS data set is one of the primary data sources for public health 
related studies in developing countries. Data have been collected among 7,412 households 
between February 2005 and May 2005 and the sample selected is representative of the 
Senegalese population.  
For this study, the unit of analysis is women between 15 and 49 interviewed in each 
household. The study sample size is 14,602. The DHS report up to 20 births in the women’s birth 
history. For each child, the mothers are asked questions about the date of birth, the sex, whether 
the child is alive or deceased, and in the latter case, the age at death.  
In this empirical study, the regression is a dummy variable which is equal to 1 if the 
second child  is alive, and 0 if he if he or she is deceased. This variable is used to measure the 
influence of birth spacing on child mortality. Indeed, the time interval between two births is an 
important determinant of child and maternal health (USAID, 2012). 
 The policy variables of interest are hand-washing with soap, drinking water source, and 
sanitation facility. The DHS reports fourteen drinking water sources that were regrouped into 
three dummy variables, based on the World Health Organization and UNICEF nomenclature 
(WHO, UNICEF, 2012): Water Source Piped-in, Improved Water Sources and, Unimproved 
  
Water Sources. Categories of sanitation facility were also regrouped into three dummy variables 
(also based on the WHO/UNICEF classification): Flush Latrine, Improved Latrine and No 
Toilet. Because there is no data on hand-washing behaviors, the dummy variable presence of 
soap/detergent in the household is used as a proxy variable. 
In addition to the variables of interest, control variables are included in the regression 
analysis: presence of tap water in the household, socioeconomic status of the household, level of 
education of the mother, place of residence (urban or rural), mother’s age when giving birth to 
her second child, sex of the child, and birth interval preceding the second child.  
Table 1 presents a summary of all variables included in this analysis with the unit of 
measurement, and table 2 shows descriptive statistics for these variables. There are 7,789 
observations for the sample of second children born and among them; the mortality rate is 13%.  
With regards to access to drinking water sources, 39% of the women interviewed 
responded that their water system was piped-into the dwelling, a quarter of them had access to an 
improved water source, and 31% had only access to unimproved water sources. As for sanitation 
facility, 31% of women had flush latrines in the household, 45% pit-latrines, and 20% had no 
access to a toilet facility at all. Furthermore, 42% of respondents indicated not having soap or 
any other cleansing agent in the household. 
Table 3 reports correlation coefficients above |0.2| between variables. There is a positive 
correlation between, on the one hand, living in a city and, on the other hand, having access to a 
piped water supply (0.47), a flush toilet (0.4) and the presence of soap in the dwelling (0.27). 
Living in an urban area is also positively correlated with belonging to the richer and richest 
household category (0.36 for both) and negatively correlated with having no education at all (- 
  
0.34). The percentage of women with no education is very high (63%) and is expected to be a 
determinant factor of child mortality. 
Figure 1 (see appendix A) shows that the relationship between child mortality and 
average age of the mother at birth is U-shaped with decreasing rate of child survival before 20 
and after 35. The average age at birth of the second child is 26 which is a not in the critical range 
of ages that increase the risk of child mortality (before 20 and after 40 years old (Ministry of 
Health, 2005)). Yet, at least 10% of the women gave birth to their second child at 18 or younger 
and 5% at 16 or younger.  
Birth spacing of at least 24 months and less than 5 years are linked with higher child 
survival rates (USAID, 2012). At least 25% of women have waited 2 years or more to have 
another baby. The average birth spacing period is 35 months. Figure 2 (in appendix A) shows 
that the majority of child death outcomes have occurred mainly for preceding birth periods of 50 
months or less.  
  
Table 1: Variable Description 
  
Child is alive = 1 if the 2nd child is alive, 0 otherwise 
Drinking Water Sources   
     piped-in = 1 if water source piped-in the household, 0 otherwise 
     improved water source =  1 if water source is improved, 0 otherwise 
     unimproved water source = 1 if water source is unimproved, 0 otherwise 
Sanitation Facility   
     flush latrine = 1 if presence of flush latrine, 0 otherwise 
     pit latrine = 1 if improved latrine, 0 otherwise 
     no toilet = 1 if no latrine, 0 otherwise 
Presence of soap/ detergent =1 if presence of soap, 0 otherwise 
Tap water = 1 if presence of tap water 
Wealth Household Index   
     Poorest =1 if poorest, 0 otherwise 
     poorer  =1 if poor, 0 otherwise 
     Middle =1 if middle, 0 otherwise 
     Richer =1 if richer, 0 otherwise 
     Richest = 1 if richest, 0 otherwise 
Education level   
     no education =1 if no education, 0 otherwise 
     Primary =1 if primary, 0 otherwise 
     Secondary =1 if secondary, 0 otherwise 
     Higher =1 if higher, 0 otherwise 
Age at second child Age in years 
Preceding birth 
Difference in months between the current  
birth and the previous birth 
Urban =1 if household is urban, 0 if rural 
Male =1 if the child is male, 0 otherwise 
Terminated Pregnancy 
=1 if the respondent ever had a pregnancy that terminated 
in a miscarriage, abortion, or still birth, 0 otherwise 
 
  
Table 2: Descriptive Statistics 
Variable Obs Mean 
Std. 
Dev. Min Max 
    
Dependent Variable           
Child is alive 7,789 0.87 0.34 0 1 
Water and Sanitation   
Drinking Water Sources           
Piped-in 14,602 0.39 0.49 0 1 
Improved water source 14,602 0.25 0.44 0 1 
Unimproved water source 14,602 0.31 0.46 0 1 
Sanitation Facility           
Flush toilet 14,602 0.31 0.46 0 1 
Pit latrine 14,602 0.45 0.50 0 1 
No toilet 14,602 0.20 0.40 0 1 
Presence of soap 11,880 0.58 0.49 0 1 
Additional Controls   
Wealth Index of 
Household           
Poorest 14,602 0.18 0.38 0 1 
Poorer 14,602 0.21 0.41 0 1 
Middle 14,602 0.24 0.43 0 1 
Richer 14,602 0.19 0.39 0 1 
Richest 14,602 0.17 0.38 0 1 
Education level           
No education 14,602 0.63 0.48 0 1 
Primary 14,602 0.24 0.43 0 1 
Secondary 14,602 0.12 0.33 0 1 
Higher 14,602 0.01 0.08 0 1 
Tap water 11,919 0.79 0.41 0 1 
Urban 14,602 0.43 0.50 0 1 
Age at second child 7,789 26.29 6.50 11 45 
Preceding birth interval 6,199 35.23 19.14 9 204 
Male 7,789 0.50 0.50 0 1 
Terminated Pregnancy 14,588 0.17 0.38 0 1 
 
  
Table 3: Correlation between variables 
 
Water  
Piped-in Soap Poorest Poorer Richer Richest Urban Flush toilet No toilet No education 
Water Piped-in 1  
Soap in dwelling 
 
Poorest 
-0.36 -0.27 1 
Poorer 
-0.34  -0.24 1 
Richer 0.35  -0.23 -0.25 1 
Richest 0.49 0.25 -0.21 -0.24 -0.22 1 
Urban 0.47 0.27 -0.39 -0.32 0.31 0.40 1 
Flush toilet 0.51 0.26 -0.29 -0.28 0.26 0.45 0.41 1 
No toilet 
-0.34 -0.21 0.43 0.15 -0.23 -0.23 -0.34 -0.33 1 
No education 
-0.29  0.25 0.19 -0.16 -0.30 -0.40 -0.27 0.23 1 
Richest 0.49  -0.21 -0.24 -0.22 1.00 0.40 0.45 -0.23 -0.30 
 
* Only coefficients above 0.2 in absolute value have been reported in this table  
  
The Demographic and Health Surveys have limitations due to sample selection (Ministry 
of Health, 2005). Data was collected among women who were alive at the time of the interview. 
There is thus no information on the survival rate of children, whose mother passed away before 
the study. This may bias the general level of child mortality rate in Senegal if the number of 
orphans is high, and if the mortality rate for orphans is different from the mortality rate of other 
children. Nevertheless, the 2005 DHS summary report for Senegal concludes that they are not 
many orphans, and as a result, the potential bias expected is small (Ministry of Health, 2005).  
Given that the DHS records the birth history of the mother for up to twenty births, a 
model that incorporates the death probability of all the children born from a single mother would 
be more comprehensive. Moreover, the literature on child mortality shows differing statistics for 
the neonatal and post-neonatal periods. A duration model estimating the time till death is, in this 
sense, more accurate.  
The external validity of a study deals with the extent to which its results can be 
generalized to a larger population. The literature shows that even though improved sanitation and 
water have in general protective effects, their impact vary a lot depending on the country and 
setting (rural or urban) of interest. Thus, the conclusion of this empirical analysis might not be 
applicable to other regions of the world. The study of Fink, Gunther and Hill (2011), combining 
all DHS datasets available from 1986 to 2007 has more relevance for generalization purposes. 
4  Econometric Model and Estimation Methods 
a) Description of the model 
In this research paper, I explore the question: what is the effect of hand washing with 
soap, sanitation facility, and drinking water source on child mortality? To answer this question, I 
  
use three binary regression models to estimate the child mortality rate: the linear probability 
model, the probit model, and the logit model.  
I first regress the dummy variable Child is alive on the policy variables of interest using a 
standard ordinary least squares regression (OLS). The categories improved water source and 
improved latrine are dropped to avoid multicollinearity. I then reran the same regression with 
control variables. A square will be added to the variables maternal age at second child and 
preceding birth interval as there is not a linear relationship between them and child mortality. 
The ideal preceding birth interval ranges from 2 to 5 years. Maternal age associated with the best 
health outcomes at birth is between 20 and 40 years old.  
The generic linear probability model is as follows:  
(1) Pr (Child=1|Water_piped,…Xk) =    	
  
	     + 
_	      
 
where the regression coefficient  ! is the change in child survival probability associated with 
having drinking water source piped into the dwelling, holding all else constant. Other 
coefficients are interpreted the same way. I will use heteroskedasticity-robust standard-errors for 
inference. 
The second linear probability model is as follows: 
(2) Pr (Child=1|Water_piped,…Xk) =    	
  
	     + 
_	 + … + "#$#    
where %&'&( is shorthand for all the other explanatory variables.  
 Fuentes, Pfutze, and Seck (2006) find that sanitation plays an important role in urban 
areas while clean water has more positive effects in rural areas. Thus, in addition to the variables 
  
included in the second model, the third model will add two interaction terms:  
Flush_toilet x Urban and Water_piped x Urban on the regression.  
This model is as follows: 
(3) Pr (Child=1|Water_piped,…Xk) =    	
  
	     + 
_	+   )*_	 x 
+, + -*	
_	 x 
+, 
+… + "#$#    
where %&'&( is shorthand for all the other explanatory variables. 
The estimated probability must be between 0 and 1. Yet, the effect of a unit change in 
each variable is constant in the OLS model. To address this issue, I also use the probit and logit 
regression models that are specifically designed for binary dependent variables. The probit 
regression model using the cumulative standard normal distribution function is the following: 
(4) Pr (Child=1|Water_piped,…Xk) = ф (    	
  
	    
+ _	 + … + "#$#   )  
The logit regression model using a cumulative standard logistic distribution function is:  
(5) Pr (Child=1|Water_piped,…Xk) =   (    	
  
	     + 
_	 + … + "#$#   )  
In both the logit and probit models, the impact of water piped into the dwelling is the derivative 
of the expectation of child survival with respect to that variable. Other coefficients are 
interpreted the same way.  
 
 
 
  
  
b) Regression analysis 
Table 4 summarizes the regression results based on the variables listed in table 1. 
 
Table 4 :  Child mortality Regression Using the Demographic and Health Surveys data 
Dependent variable : Child survival = 1 if the child is alive, = 0 if the child is deceased 
OLS OLS OLS Probit Logit 
(1) (2) (3) (4) (5) 
Water piped  
into a dwelling 
.023** -0.0013 0.0016 -0.016 -0.014 
(.011) (.013) (.017) (.067) (.130) 
Unimproved  
drinking water 
-0.0072 -0.0063 -0.0069 -0.029 -0.053 
(.011) (.012) (.012) (.057) (.104) 
Flush toilet .032*** 0.0146 -0.012 0.083 0.167 (.010) (.012) (.019) (.069) (.132) 
No toilet facility -0.0140 -0.0075 -0.010 -0.031 -0.054 (.012) (.013) (.014) (.059) (.107) 
presence soap 
0.024*** .021* .021** .100** .187** 
(0.0091)  (.011) (.011) (.052) (.096) 
tap water in household 
  0.0084 0.008 0.044 0.082 
  (.013) (.013) (.057) (.105) 
Poorest 
  -0.017 -0.019 -0.068 -0.128 
  (.015) (.015) (.062) (.112) 
Richest 
  .033** .031** .255*** .514*** 
  (.014) (.014) (.100) (.204) 
no education   -.032*** -.032*** -.195*** -.365*** 
  (.012) (.012) (.073) (.141) 
Secondary   0.013 0.010 0.118 0.281 
  (.018) (.018) (.150) (.312) 
Urban   -0.006 -0.018 -0.030 -0.065 
  (.012) (.017) (.062) (.114) 
Age at second child    .020*** .020*** .084*** .153*** 
  (.007) (.007) (.031) (.057) 
Age at second child^2 
  -.00041*** -.00041*** -.0017*** -.0032*** 
  (.00013) (.000) (.001) (.001) 
Preceding birth interval 
  .004*** .0041*** .018*** .035*** 
  (.00076) (.001) (.003) (.006) 
Preceding birth interval 2 
  -.000029*** -.000029*** -.00013*** -.00023*** 
  (.00001) (.00001) (.00002) (.00004) 
  
 
 
OLS OLS OLS Probit Logit 
 
(1) (2) (3) (4) (5) 
Male 
  -0.0084 -0.0083 -0.039 -0.074 
  (.009) (.009) (.046) (.086) 
Terminated Pregnancy 
  -.028*** -.028*** -.143*** -.265*** 
  (.011) (.011) (.050) (.093) 
Flush toilet x Urban  
    .047** 
    
    (.024) 
    
Water piped x Urban 
    -0.0061 
    
    (.023) 
    
Constant 
.857*** .576*** .582*** 
-0.071 -0.289 
(.008) (.102) (.103) (.448) (.823) 
N 7,789 5,034 5,034 5,034 5,034 
    
F-statistic and p-value testing 
the exclusion of groups of 
variables     
Water piped; 
unimproved drinking water 
7.05 
( 0.001) 
0.13 
(0.720) 
      
Flush-toilet; 
toilet facility 
 13.27 
(0.0003) 
1.72 
( 0.190) 
  
Differences in predicted 
probability of child survival 
when there is a flush-toilet in 
the household 
3% 1%   2% 2% 
Note: These regressions are estimated using data from the DHS 2005 for Senegal. The first three regressions are estimated by 
OLS, and the probit and logit model by maximum likelihood. Standard errors are given in parentheses under the coefficients. 
Individual coefficients are statistically significant at the 10%*, 5%** or 1%*** level. P-values are given bellow F-statistics. The 
change in predicted probability in the final row is calculated for an individual whose values of the regressors other than flush 
toilet equals the sample mean. 
 
In the first regression, having water piped into the dwelling or a flush toilet increases the 
probability of child survival by 2.3 percentage points and 3.2 percentage points, respectively. 
The presence of soap or detergent in the dwelling also increases this probability by 2.5 
  
percentage points. These are relatively large effects considering that child mortality rate in the 
sample is 13%. Coefficients on all these variables are significant at the 5% level. On the 
contrary, having no toilet facility or drinking water from an unimproved source decreases the 
probability of the child to survive by 1.4 percentage points and by 0.7 percentage points, 
respectively, all else equal. Surprisingly, neither of these variables is statistically significant, 
even at the 1% level. However, the F-statistic of water piped into dwelling and unimproved 
water source on the one hand, and flush toilet and no toilet facility on the other hand shows that 
these variables are jointly statistically significant.  
 Once other demographic variables are controlled for in regression (2), estimated 
coefficients on the policy variables change considerably. In fact, the presence of soap in the 
dwelling is the only variable of interest that remains statistically significant. Its effect is an 
increase of the probability of child survival by 2.1 percentage points. The effect of the other 
water and sanitation related variables were not found significant even when I tested the 
hypothesis that coefficients might be jointly significant. Furthermore, many of the control 
variables are significant and have a relatively large impact. Among them, belonging to the richest 
socioeconomic category and having no education have the largest coefficients, and are both 
statistically significant. Variables related to the reproductive behavior of the mother (age at 
second child, preceding birth interval, and terminated pregnancy) are all statistically significant 
at the 1% level. 
 Similarly, in the third regression, none of the policy variables is individually significant 
with the exception of having a cleaning agent in the house. However, the interaction term 
between flush toilet and urban has the largest impact on the dependent variable. Having a flush 
toilet in an urban area increases the chance of child survivial by 4.7 percentage points, which 
  
would decrease the current mortality rate from 13% to less than 10%. This confirms previous 
findings according to which a modern sanitary infrastructure is critical in urban areas (Fuentes, 
Pfuetze, Seck, 2006). The coefficients on other control variables do not differ significantly from 
the second regression.  
 In the probit and logit regressions, the marginal effect of each variable depends on the 
value taken by the variable, but also on the value of all other regressors. The marginal fixed 
effect is thus calculated using average values for each observation. The probit model estimates 
similar results to OLS in terms of statistical significance and impact. For example, the marginal 
impact of having a modern sanitation system is an increase in the probability of the child survival 
by 1.65 percentage point. It was 1.46 in regression (2). The coefficient in the probit model is also 
not significant. Similarly, estimates using a logit model are close to the results obtained with 
OLS. 
5  Conclusion and policy recommendation 
The purpose of this research was to study the impact of a policy related variable on child 
mortality in Senegal. I chose to measure the effect of drinking water source and sanitation on 
child mortality. Indeed, the literature shows a strong link between these two environmental 
factors, and the propensity of waterborne diseases, an important cause of child mortality in the 
developing world. Even though I did not use a duration model, more comprehensive for this type 
of analysis, the regressions still provide some interesting results. First, once other factors are 
controlled for, the quality of drinking water supply and type of sanitation facility are not 
individually statistically significant. However, modern sanitation facilities do have a large effect 
on reducing mortality in urban areas. One possible reason is that higher population density in 
urban area increases the risk of fecal contamination due to open defecation (Scott, 2006). Last, 
  
the presence of soap/detergent in the house is the only policy variable that is individually 
statistically significant. Indeed the use of soap decreases the child mortality rate by 2.1 
percentage points. This is good news for policy makers and people designing intervention 
programs because making soap and detergent available to the most vulnerable population is by 
far less costly than improving public water and sanitation systems. Thus, any public health policy 
aiming at increasing hand-washing with soap could be an easy and effective first step toward 
reducing child mortality in Senegal. 
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Appendix A 
Figure 1 : Lowess curve between child mortality and age at second child 
 
 
Figure 2: child mortality and preceding birth interval 
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